In an effort to obtain a solid and balanced approximation of global fern phylogeny to serve as a tool for addressing large-scale evolutionary questions, we assembled and analyzed the most inclusive molecular dataset for leptosporangiate ferns to date. Three plastid genes (rbcL, atpB, atpA), totaling more than 4,000 bp, were sequenced for each of 400 leptosporangiate fern species (selected using a proportional sampling approach) and five outgroups. Maximum likelihood analysis of these data yielded an especially robust phylogeny: 80% of the nodes were supported by a maximum likelihood bootstrap percentage ≥ 70. The scope of our analysis provides unprecedented insight into overall fern relationships, not only delivering additional support for the deepest leptosporangiate divergences, but also uncovering the composition of more recently emerging clades and their relationships to one another.
INTRODUCTION
An accurate and robust assessment of phylogeny is fundamental to a full understanding of evolutionary origins because it provides the overall pattern of historical divergence-a framework for exploring both evolution and diversification. Although reconstructing phylogeny remains a challenging endeavor, the use of DNA sequence data has revolutionized our ability to assess relationships in many groups, including leptosporangiate ferns, a large well-supported clade of vascular plants characterized by sporangia that develop from a single cell and have mature walls just one cell thick.
Molecular phylogenetic analyses including representative placeholder taxa have revealed the composition of, and the relationships among, the major leptosporangiate lineages (Hasebe & al., 1993 Pryer & al., 1995 Wolf, 1996 Vangerow & al., 1999; Schneider & al., 2004c; Wikström & Pryer, 2005; Schuettpelz & al., 2006) . Densely sampled analyses within some of these groups have elucidated more detailed associations and have provided a phylogenetic framework for more narrowly-focused evolutionary studies (see references cited under various taxonomic groups in Discussion). However, neither placeholder sampling from various clades nor dense sampling within a particular clade is well suited to addressing large-scale evolutionary questions across leptosporangiate ferns. A more comprehensive approach is necessary.
The most inclusive analysis of leptosporangiate fern relationships conducted to date was the groundbreaking collaborative study of . Although this study helped answer many long-standing questions in fern systematics (Smith, 1995) , it was not without problems. With about 9,000 extant species in 267 genera (Smith & al., 2006b) , leptosporangiate ferns are, after angiosperms, the most diverse lineage of vascular plants. Yet, the Hasebe & al. (1995) study sampled just 99 species from 92 genera, excluding almost two thirds of leptosporangiate fern genera and undersampling all but the smallest. Furthermore, it was founded on a single plastid gene (1,206 base pairs of rbcL), resulting in relatively low levels of branch support across the phylogeny (only about half of the resolved nodes were supported by maximum parsimony or neighbor joining bootstrap percentages ≥ 70).
To obtain a better-sampled and better-supported estimate of overall fern relationships and move one step closer to a comprehensive phylogeny of extant ferns, a considerably larger dataset is assembled and analyzed here. It comprises 400 leptosporangiate species from 187 genera-well over 4% of the species and more than twothirds of the genera (Smith & al., 2006b )-sampled in proportion to lineage size, to provide a more accurate and balanced representation of the fern tree of life. For each species, three plastid protein-coding genes were sequenced-totaling more than 4,000 base pairs-to ensure a well-supported phylogeny. The current analysis builds upon the foundation of earlier studies to provide an unparalleled framework within which to examine the evolution and diversification of leptosporangiate ferns, while simultaneously improving our phylogenetic understanding of this important lineage.
MATERIALS AND METHODS
Taxonomic sampling. -In phylogenetic studies, a strict placeholder approach is often utilized (i.e., a single species is used to represent each genus in intrafamilial studies, a single genus is used to represent each family in intraordinal studies, etc.). While such an approach is appropriate when the goal is to simply infer evolutionary relationships at a given level, it does not provide a balanced representation of phylogeny. Exhaustive sampling would be the ideal solution, but this is still not feasible for broad analyses. Therefore, in this study, an alternative hybrid approach is employed. An attempt is made to sample lineages (i.e., families and genera) in proportion to the number of species they contain. In total, 400 leptosporangiate fern species were selected from all families recognized in the most recent phylogeny-based classification for ferns (Smith & al., 2006b) ; all large genera and many small genera are included (Appendix 1 in Electronic supplement). To root the leptosporangiate phylogeny, five outgroup species were selected from the most closely related eusporangiate clades, namely horsetail and marattioid ferns Schuettpelz & al., 2006; Wikström & Pryer, 2005) .
DNA isolation, amplification, and sequencing. -Due to the scale of this study, there was some variation in the protocol used to obtain new DNA sequences for analysis. However, deviations from the general protocol described here were minimal and generally insignificant.
Genomic DNA was extracted from silica-dried material using the DNeasy Plant Mini Kit (Qiagen). Dry leaf tissue ( ≤ 20 mg) was sealed in a microcentrifuge tube with approximately fifty 0.7 mm zirconia beads (BioSpec Products) and frozen in liquid nitrogen. After 10 minutes, the sealed tubes were removed from the liquid nitrogen, placed in a Mini-BeadBeater-8 (BioSpec Products), and "beaten" for 10 sec at maximum speed. Lysis buffer and RNase were added directly to the tube (beads were not removed) and the tubes were incubated at 65°C for 30 min. Extraction then proceeded following the manufacturer's protocol, including the recommended 5 min lysate centrifugation and performing two 50 µl elutions into the same microcentrifuge tube.
For each species, three protein-coding plastid genes (rbcL, atpB, atpA) were separately amplified using the polymerase chain reaction (PCR). Each 25 µl reaction incorporated 1X PCR buffer IV containing MgCl 2 (ABgene), 200 µM each dNTP, 100 µg/ml BSA, 50 U/ml Taq polymerase, 0.5 µM each primer (see Appendix 2 in Electronic supplement, for amplification primers used routinely for each gene), and 1 µl template DNA eluate. For rbcL and atpB amplifications, thermocycling programs entailed an initial denaturation step (94°C for 5 min) followed by 35 denaturation, annealing, and elongation cycles (94°C for 1 min, 45°C for 1 min, 72°C for 2 min) and a final elongation step (72°C for 10 min). For atpA amplifications, cycle elongations were increased to 3 min. PCR products were purified using Montage PCR Centrifugal Filter Devices (Millipore).
Sequencing of the cleaned PCR products employed the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). Each 10 µl reaction incorporated 0.375X BigDye Terminator Ready Reaction Mix (Applied Biosystems), 0.625X BigDye Terminator Sequencing Buffer (Applied Biosystems), 1 µM primer (see Appendix 2 in Electronic supplement, for sequencing primers used routinely for each gene), and 2 µl purified PCR product. Thermocycling and purification followed the manufacturer's protocol. Sample electrophoresis and analysis were performed using an ABI Prism 3700 DNA Analyzer (Applied Biosystems). The multiple sequencing reads obtained as chromatograms from each individual purified PCR product (i.e., the reads obtained from each gene, from each species) were assembled and edited separately using Sequencher 4.5 (Gene Codes Corporation). All consensus sequences (784 newly obtained) were subsequently deposited in GenBank (Appendix 1 in Electronic supplement).
Sequence alignment and phylogenetic analysis. -The consensus sequences for each gene were manually aligned using MacClade 4.08 (Maddison & Maddison, 2005) . The extreme 5′ and 3′ ends of the rbcL and atpB alignments containing copious amounts of missing data were removed, as were the unalignable non-coding regions amplified with the atpA gene (Schuettpelz & al., 2006) and the terminal 5′ and 3′ ends of the atpA gene itself.
The three single-gene datasets and the combined three-gene dataset were phylogenetically analyzed using RAxML-VI-HPC 2.2.1 (Randomized Axelerated Maximum Likelihood for High Performance Computing; Stamatakis, 2006) . All analyses utilized the GTRMIX model of nucleotide substitution and the rapid hill-climbing algorithm; in the combined analysis, model parameters were estimated and optimized separately for each gene. Each analysis comprised 1,000 alternative runs from distinct randomized maximum parsimony starting trees. To assess branch support, non-parametric bootstrap analyses (with 1,000 replicates) were conducted using RAxML-VI-HPC.
RESULTS
Single-gene datasets. -The portions of the rbcL, atpB, and atpA genes analyzed in this study comprised 1,308, 1,278, and 1,506 bp respectively (Table 1 ). All three of these datasets were essentially complete, but there was some variation in their information content. The atpA dataset contained a considerably greater number-and a slightly higher percentage-of variable characters than the rbcL dataset, which in turn offered an improvement over the atpB dataset.
Maximum likelihood analyses of the three singlegene datasets resulted in largely congruent topologies (trees not presented), with conflicting resolutions almost always lacking good bootstrap support (i.e., ≥ 70%; the seven inconsequential exceptions were only marginally well-supported). The differences in phylogenetic signal among the datasets were reflected in the robustness of resolved relationships; the atpA, rbcL, and atpB datasets provided bootstrap support ≥ 70% for 249, 229, and 222 nodes, respectively (Table 1) .
Combined three-gene dataset. -The combined dataset comprised 4,092 characters, of which 2,422 were variable. Analysis of these data resulted in a robust assessment of fern relationships (Fig. 1) . Of the 402 nodes resolved in the 405-taxon analysis, 322 nodes (80%) were supported by a bootstrap percentage ≥ 70 (Table 1) .
DISCUSSION
Although the primary objective of our study was to provide a solid and balanced framework for future analyses of fern evolution and diversification, the resulting phylogeny also fills an important gap in our understanding of fern relationships. To date, the bulk of phylogenetic research in ferns has focused on rather recent divergences, examining evolutionary patterns within specific clades. A few studies have focused on the deepest divergences, uncovering the associations of the most fundamental lineages. What were missing, for the most part, were studies aimed at connecting the dots, determining the composition of more recently emerging clades and their relationships to one another. The scope of our analysis provides such a link, and in the following paragraphs we provide an overview of relationships at this level. In general, we avoid discussion of the finest scale relationships-especially in groups where considerable work has already been conducted. Instead, we direct the reader to the more densely sampled studies. It should be noted that our results, for the most part, have already been incorporated into a modern revision of fern classification (Smith & al., 2006b ); therefore, this classification (followed below) is consistent with our phylogeny, with only a few exceptions. (Fig. 1A ). -The earliest divergences within the leptosporangiate ferns (labeled "le" in Fig. 1A ), as resolved in this study, are in full agreement with those resolved in previous three-gene analyses (Wolf, 1996; Schneider & al., 2004c; Wikström & Pryer, 2005; Schuettpelz & al., 2006) . The osmundaceous ferns (of, Fig. 1A ) are well-supported as sister to all other leptosporangiates (bootstrap support, BS = 100%). This position is consistent with the fossil record because the oldest leptosporangiate fossils assignable to an extant lineage are members of this clade (Miller, 1971; Tidwell & Ash, 1994; Phipps & al., 1998; Galtier & al., 2001; Rößler & Galtier, 2002) . Osmundaceous ferns are placed in a single family, Osmundaceae (Osm, Fig. 1A ; Smith & al., 2006b ). The intrafamilial relationships we resolve-with Osmunda cinnamomea sister to Leptopteris and Todea-are in agreement with more densely-sampled studies Metzgar & al., in press) , although the likely paraphyly of Osmunda is not reflected here because only one species was sampled from this relatively small genus.
Early leptosporangiate divergences
The filmy ferns (ff), composing a single large family (Hymenophyllaceae; Hym) and the gleichenioid ferns (gl), with three smaller families (Dipteridaceae, Matoniaceae, and Gleicheniaceae; Dip, Mat, and Gle, respectively) are both clearly monophyletic (BS = 100%, 86%, respectively, Fig. 1A) . However, the relationships of these lineages to one another and to the remaining leptosporangiate ferns are not well-supported.
Within filmy ferns, two clades of roughly equal size are resolved, in agreement with earlier studies (Pryer & al., 2001b; Schuettpelz & Pryer, 2006) . The hymenophylloid clade (hy, Fig. 1A ) contains a single genus-Hymenophyllum. The trichomanoid clade (tr, Fig. 1A ) comprises eight genera-Abrodictyum, Callistopteris (not sampled here), Cephalomanes, Crepidomanes, Didymoglossum, Polyphlebium, Trichomanes, and Vandenboschia (Ebihara & al., 2006) . Each of these two large filmy fern clades has already been the subject of several more focused phylogenetic studies (Ebihara & al., 2002 (Ebihara & al., , 2004 (Ebihara & al., , 2006 Dubuisson & al., 2003; Hennequin & al., 2003 Hennequin & al., , 2006a Hennequin & al., , 2006b ; however, because most of these analyses relied on a single gene, relationships were often unsupported. Our three-gene analysis still does not find strong support within the epiphytic genus Hymenophyllum, but we do find good support (BS ≥ 70%) for all relationships among the trichomanoid genera (tr, Fig. 1A ). From our sampling, two large trichomanoid subclades emerge, one of which is mostly terrestrial (Abrodictyum, Cephalomanes, and Trichomanes), the other of which is mostly epiphytic (Crepidomanes, Didymoglossum, Polyphlebium, and Vandenboschia).
Strong support for the monophyly of the gleichenioid ferns (gl, Fig. 1A ) has only recently been obtained (Schuettpelz & al., 2006) , although earlier morphological (Jarrett, 1980) and molecular ) data suggested it. Our current analysis corroborates this hypothesis, and also supports the monophyly of each of the three included families (BS = 100%, Fig.  1A ). Dipteridaceae (Dip) is sister to Matoniaceae (Mat); together, these are sister to the Gleicheniaceae (Gle).
The schizaeoid ferns (sh, Fig. 1A ) are well supported (BS = 99%) as sister to the so-called "core leptosporangiates" (co, Fig. 1A ; , a large clade composed of heterosporous (hf), tree (tf), and polypod (po) ferns (Fig. 1A) . The schizaeoids are clearly monophyletic (BS = 100%) and compose three morphologically and molecularly distinct families ( Fig. 1A ): Lygodiaceae (Lyg), Schizaeaceae (Sch), and Anemiaceae (Ane). The relationships resolved here, both among and within these families, are in agreement with earlier analyses (Skog & al., 2002; Wikström & al., 2002) .
The heterosporous, or water, ferns (hf, Fig. 1A ) comprise two families. The Salviniaceae (Sal) consists of two free-floating genera: Azolla and Salvinia. The Marsileaceae (Mar) consists of three genera, all of which are rooted in the soil: Marsilea, Pilularia, and Regnellidium (not sampled here). These ferns have been the focus of several recent and ongoing phylogenetic studies that have addressed their relationships in greater detail Reid & al., 2006; Metzgar & al., 2007; Nagalingum & al., 2007) .
The tree ferns (tf, Fig. 1A ), are well-supported as mono phyletic here (BS = 97%) and in other molecular analyses Wikström & Pryer, 2005; Schuettpelz & al., 2006) , but are lacking an obvious morphological synapomorphy. Many species do indeed have trunk-like stems, but this character is not ubiquitous throughout the clade. The phylogeny of these ferns was recently examined by , and the branching pattern we recover (Fig.  1A ) is in agreement with their results. The Culcitaceae (Cul), Loxomataceae (Lox), Plagiogyriaceae (Pla), and Thyrsopteridaceae (Thy) together form a clade, as do the Cibotiaceae (Cib), Cyatheaceae (Cya), Dicksoniaceae (Dic), and Metaxyaceae (Met). Within the large scaly tree fern clade (sc, Fig. 1A ; note that this clade is equivalent to Cyatheaceae), four primary subclades emerge: Sphaer opteris, Cyathea (with Hymenophyllopsis embedded within it), and two distinct Alsophila clades ; but see Conant & al., 1995 Conant & al., , 1996 .
Although not always thought to form a natural group, the polypod ferns (po, Fig. 1A ), have received solid support in all recent analyses Schneider & al., 2004c; Wikström & Pryer, 2005; Schuettpelz & al., 2006) , and in our analysis as well (BS = 100%, Fig. 1A ). This clade is united by an unequivocal morphological synapomophy-sporangia each with a vertical annulus interrupted by the stalk (see Fig. 7C in Pryer & al., 1995) .
Early polypod divergences (Fig. 1B ). -The much smaller of the two clades arising from the first divergence within the polypods contains the lindsaeoid ferns (li, Fig.  1B ) and a few rather enigmatic fern genera; two (Lonchitis and Saccoloma) were traditionally placed in the Dennstaedtiaceae, and one (Cystodium) was traditionally placed in the Dicksoniaceae, a tree fern family. In our analysis, these ferns together form a well-supported clade (BS = 74%), but one that has not been recovered, in its entirety, in previous analyses Wolf, 1995; Schneider & al., 2004c; Korall & al., 2006a; Schuettpelz & al., 2006) . In the most recent classification (Smith & al., 2006b ), this clade is divided into two families (Fig. 1B) , Saccolomataceae (Sac) and Lindsaeaceae (Lin). The former comprises only the genus Saccoloma ; the latter includes eight genera (Ormoloma, Tapeinidium, and Xyropteris were not sampled here).
The remaining polypods compose three well-supported clades (BS = 100%, Fig. 1B ): the small dennstaedtioid clade (de), the large pteroid clade (pt), and the hyperdiverse eupolypod fern clade (eu). Unfortunately, the relationships among these three lineages are unclear. Within the dennstaedtioids (de, Fig. 1B) , two approximately equally diverse subclades emerge. This result is in agreement with earlier phylogenentic studies of the group Wolf, 1995) . In these studies, and in our analysis, the genus Dennstaedtia is strongly supported (BS = 100%) as paraphyletic.
The pteroids (pt) account for roughly 10% of extant fern diversity. In our analysis we resolve five primary clades (Fig. 1B) , which is in agreement with a recent molecular phylogenetic study focused specifically on pteroid relationships (Schuettpelz & al., 2007) : cryptogrammoids (cr), ceratopteridoids (ce), pteridoids (pd), cheilanthoids (ch), and adiantoids (ad). The vittarioid ferns (vi) are apparently embedded within the genus Adiantum (BS = 84%). The finer-scale relationships within most of these groups have already been addressed in earlier studies Gastony & Rollo, 1995 , 1998 Nakazato & Gastony, 2003; Sánchez-Baracaldo, 2004; Zhang & al., 2005) . (Fig. 1C) . -Within the eupolypod ferns (eu), two large clades are resolved, dubbed "eupolypods I" and "eupolypods II" (Schneider & al., 2004c) . This split is well-supported by molecular data (BS = 100%, e1 and e2, Fig. 1C ), but also by a frequently overlooked morphological character, namely the vasculature of the petiole. Eupolypods I (e1) have three or more vascular bundles (with the exception of the diminutive grammitid ferns with one, and the genus Hypodematium with two); whereas eupolypods II (e2) have only two (with the exception of the well-nested blechnoid ferns with three or more).
Initial eupolypod divergence
Divergences within eupolypods II (Fig. 1C ). -The eupolypods II (e2) consists of several large well-supported clades with a number of small genera interspersed among them (Fig. 1C) . Together, Cystopteris and Gymnocarpium are sister to the rest of eupolypods II; Hemidictyum is sister to the asplenioid ferns (as); and Woodsia is sister to a large clade of onocleoid (on), blechnoid (bl), and athyrioid (at) ferns (Fig. 1C) . Smith & al. (2006b) tentatively placed all four of these genera in the Woodsiaceae (Woo, Fig. 1C) . Now, however, it seems clear that this circumscription is paraphyletic, and the recognition of several additional families may well be warranted.
The athyrioid ferns (at, Fig. 1C ), which account for most of the diversity in the Woodsiaceae, are indeed monophyletic (BS = 96%). The phylogeny of these ferns was the subject of two recent studies (Sano & al., 2000; Wang & al., 2003) , and our results are in general accord with theirs. Our three-gene analysis does, however, find strong support ( ≥ 70%) for the fundamental splits within the clade (e.g., Deparia as sister to the remaining athyrioids) that were not well-supported in earlier single-gene analyses. The large genus Athyrium is not monophyletic (BS = 87%, Fig. 1C ), but Diplazium as currently circumscribed may well be (but see Wang & al., 2003) .
The asplenioid ferns (as, Fig. 1C ) are also strongly supported as monophyletic in our analyses (BS = 100%), as they have been in earlier studies (Murakami & Schaal, 1994; Murakami & al., 1999; Gastony & Johnson, 2001; Pinter & al., 2002; Schneider & al., 2004b Schneider & al., , 2005 Perrie & Brownsey, 2005) . These earlier studies clearly demonstrated that nearly all genera previously segregated from Asplenium (e.g., Camptosorus, Diellia, and Loxoscaphe) nest well within this large genus. Thus, in the most recent classification (Smith & al., 2006b ) only two genera were recognized in the Aspleniaceae (Asp)-Hymenasplenium being sister to Asplenium (Fig. 1C) .
The thelypteroid ferns (th, Fig. 1C ) compose a wellsupported clade within eupolypods II (BS = 100%) and are recognized as a large family (Thelypteridaceae) with five genera by Smith & al. (2006b) . In our study, the three smaller genera (Macrothelypteris, Phegopteris, and Pseudophegopteris) form a clade sister to the two larger genera (Cyclosorus and Thelypteris ; note, however, that all species potentially assignable to Cyclosorus are presented here under Thelypteris to circumvent a variety of nomenclatural issues). The relationships we uncover within this larger clade are generally in agreement with those found in the only other study to examine thelypteroid phylogeny (Smith & Cranfill, 2002) . In the earlier study, Thelypteris (sensu Smith, 1990) was not resolved as monophyletic; here, it is definitively paraphyletic to the cyclosoroids (BS = 100%, cs, Fig. 1C ). Although our results do support the monophyly of several subgeneric groupings (e.g., Amauropelta and Goniopteris, not shown; Smith, 1990), we find strong support for the polyphyly of at least one of these groups-subgenus Pronephrium (T. affine, T. simplex, and T. sp. in Fig. 1C) . Clearly, the thelypteroid clade is in need of additional phylogenetic study.
The onocleoid ferns (on, Fig. 1C ), including Onoclea and three other small genera not sampled here (Gastony & Ungerer, 1997; Smith & al., 2006b) , are sister to a larger blechnoid clade (bl, Fig. 1C ) that was the subject of three recent studies (Cranfill, 2001; Cranfill & Kato, 2003; Nakahira, 2000) . Our results are in general accord with their more densely-sampled analyses: Blechnum is definitely not monophyletic (BS = 98%) and blechnoid taxonomy requires further attention.
Divergences within eupolypods I (Fig. 1D-E) . -Three genera not traditionally thought to be closely related to one another form a small, but poorly supported clade sister to the rest of eupolypods I (Fig. 1D) . In earlier classifications (e.g., Kramer & al., 1990) , Didymochlaena was considered to be associated with the dryopteroid ferns (dr , Fig. 1D) ; Hypodematium with the athyrioid ferns (at ,  Fig. 1C); and Leucostegia among the davallioid ferns (da, Fig. 1E ). Previous studies found these genera to be rather isolated Schneider & al., 2004c; Tsutsumi & Kato, 2006) , but all three were never included in the same analysis as they are here. Our finding of good support (BS = 84%) for the monophyly of the remaining eupolypods I-excluding Didymochlaena, Hypodematium, and Leucostegia-is the first convincing evidence that these three genera should indeed be segregated from the Dryopteridaceae, where they were tentatively placed by Smith & al. (2006b) , because they render it paraphyletic (Fig. 1D) .
The dryopteroid ferns (dr) form a very large (about 1,700 species total) and well-supported clade (BS = 100%), with most "former lomariopsid" genera (fl) nested within it (Fig. 1D) . Notably absent from the dryopteroid clade, however, is the genus Lomariopsis itself, which is resolved elsewhere in the eupolypods I clade (Fig. 1E ). This suggests that the distinctive rhizome anatomy (with an elongated ventral meristele) characteristic of lomariopsid ferns has apparently evolved at least twice. While some large genera in the dryopteroid clade are the focus of extensive and ongoing phylogenetic studies (e.g., Polystichum, Dryopteris, and Elaphoglossum), other genera and the overall phylogeny of the group have received little or no attention (but see Li & Lu, 2006) . Our analysis therefore provides considerable insight into the phylogeny of these ferns (despite relatively poor support for some early divergences).
The well-studied genera Dryopteris (Geiger & Ranker, 2005) and Polystichum (Little & Barrington, 2003; Li & al., 2004 ) compose a large well-supported clade together with Phanerophlebia, Cyrtomium, and Arachniodes (BS = 97%, Fig. 1D ). The genus Polystichopsis-which is often synonymized under Arachniodes (e.g., Kramer & al., 1990 )-is, however, not closely related to this clade. Rather, it is sister to a clade of "dimorphic climbers"-dryopteroid genera with creeping (to climbing) stems and dimorphic leaves (dc, Fig. 1D) . Stigmatopteris, as well as Ctenitis, are both rather isolated within the dryopteroid clade, but Megalastrum (a relatively recent segregate of Ctenitis ; Holttum, 1986) forms a clade with Rumohra and the paraphyletic genus Lastreopsis. This clade is in turn sister to the "former lomariopsid" genera (fl, Fig. 1D ), within which Bolbitis is resolved as polyphyletic. The relationships we resolve within the large genus Elaphoglossum are in general agreement with those from recent studies (Rouhan & al., 2004; Skog & al., 2004) .
Within the eupolypods I, Nephrolepis, Cyclopeltis, and Lomariopsis also form a clade (Fig. 1E) . Although this assemblage has not been resolved previously in its entirety (see Tsutsumi & Kato, 2006) , and is in fact poorly-supported here, its monophyly is reinforced by a morphological synapomorphy-specifically the presence of articulate pinnae. This clade is tentatively recognized as the Lomariopsidaceae in the most recent classification (Smith & al., 2006b ). The oleandroid ferns, on the other hand, were thought to compose a natural group (Kramer, 1990) but are resolved here as definitively not monophyletic. We find strong support (BS = 75%) for Arthropteris and Psammiosorus as sister to the tectarioid ferns (te, Fig.  1E ), and they are now included in the Tectariaceae (Tec, Fig. 1E ; Smith & al., 2006b ). Oleandra itself is sister to a large clade of davallioid (da) and polygrammoid (pg) ferns (BS = 96%, Fig. 1E ), and is now considered to be the sole genus in Oleandraceae (Smith & al., 2006b ).
The phylogeny of davallioid and polygrammoid ferns has been extremely well-studied in recent years (Schnei- Fig. 1E . der & al., 2002 , 2004a , d, 2006a Haufler & al., 2003; Janssen & Schneider, 2005; Tsutsumi & Kato, 2005 , 2006 Kreier & Schneider, 2006a, b) , and the relationships we resolve within these clades are generally consistent with those resolved in earlier studies. As previously determined, the grammitid ferns (gr, Fig.  1E ; Grammitidaceae sensu Parris, 1990) are nested firmly within the Polypodiaceae sensu Hennipman & al. (1990) . Here we find strong support for the newly described genus Serpocaulon (Smith & al., 2006a) as sister to the grammitid clade (Fig. 1E ).
SUMMARY AND FUTURE PROSPECTS
Our three-gene analysis of 400 leptosporangiate species has resulted in by far the most comprehensive and well-supported assessment of fern phylogeny to date, providing an unparalleled framework within which to explore large-scale evolutionary patterns. However, with less than perfect levels of branch support and with more than 25% of fern genera and 95% of fern species still unaccounted for, it is clear that much work remains to be done. We have identified here several areas within the leptosporangiate fern phylogeny that are in need of further study. By continuing to include more taxa and additional data we will be able to move even closer to a full understanding of fern evolution and diversification. 
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